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Abstract 27 
In our previous studies on irritable bowel syndrome (IBS) –associated microbiota by molecular 28 
methods, we demonstrated that a particular 16S rRNA gene amplicon was more abundant in the 29 
feces of healthy subjects or mixed type IBS (IBS-M) –sufferers than in the feces of individuals with 30 
diarrhea-type IBS (IBS-D). In the current study, we demonstrated that this, so called Ct85-31 
amplicon, consists of a cluster of very heterogeneous 16S rRNA gene sequences, and defined six 32 
16S rRNA gene types, a to f, within this cluster, each representing a novel species-, genus- or 33 
family level taxon. We then designed  specific PCR primers for these sequence types, mapped the 34 
distribution of the Ct85-cluster sequences and that of the newly defined sequence types in several 35 
animal species and compared the sequence types present in the feces of healthy individuals and 36 
IBS sufferers using two IBS study cohorts, Finnish and Dutch.  Various Ct85-cluster sequence types 37 
were detected in the fecal samples of several companion and production animal species with 38 
remarkably differing prevalences and abundances. The Ct85 sequence type composition of swine 39 
closely resembled that of humans. One of the five types (d) shared between humans and swine 40 
was not present in any other animals tested, while one sequence type (b) was found only in 41 
human samples. In both IBS study cohorts, one type (e) was more prevalent in healthy individuals 42 
than in the IBS-M group. By revealing various sequence types in the widespread Ct85-cluster and 43 
their distribution, the results improve our understanding of these uncultured bacteria, which is 44 
essential for future efforts to cultivate representatives of the Ct85-cluster and reveal their roles in 45 
IBS.  46 
Keywords: uncultured; intestinal microbiota; IBS; 16S rRNA; typing 47 
 48 
Introduction 49 
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Irritable bowel syndrome (IBS) is a functional bowel disorder affecting on average 11% of the 50 
population worldwide, with significant geographic variation in prevalence[1]. It is characterized by 51 
intestinal discomfort and an altered bowel habit, based on which diarrheal (IBS-D), constipation 52 
(IBS-C) and mixed (IBS-M) types of IBS can be distinguished[2]. The etiology of IBS is multifactorial 53 
and different between individuals; intestinal barrier function, immune and enteroendocrine 54 
functions as well as nervous signaling apparently have a role in IBS development[3]. In addition, 55 
the role of gut microbiota as one of the contributors of IBS is generally recognized[3-5]. 56 
We have previously compared by 16S rRNA gene-based methods the intestinal microbiotas of 57 
healthy individuals and of those suffering from different types of IBS in Finland, and found 16S 58 
rRNA gene amplicons, detectable by specific primers, that are either enriched or depleted in 59 
healthy individuals or in IBS sufferers[6-8]. Recently, we also isolated in pure culture and 60 
characterized one of the IBS-D –associated phylotypes, RT94[9], which was simultaneously 61 
isolated and named Sellimonas intestinalis by Seo et al[10]. As a continuation of these studies, we 62 
next chose to isolate and characterize bacteria belonging to the 16S rRNA gene group that was 63 
amplified by so called Ct85-primers[8]. This sequence group was originally [8] supposed to 64 
comprise a coherent phylotype and it was named Ct85 according to its similarity (%) to the 16S 65 
rRNA gene sequence of the phylogenetically closest cultured species at that time, Clostridium 66 
thermosuccinogenes. Previously we have shown in a Finnish study that Ct85 16S rRNA gene copy 67 
numbers are elevated in healthy individuals and IBS-M sufferers compared to IBS-D sufferers[8], 68 
and that these numbers in individuals with IBS rise to the levels seen in healthy persons during a 69 
probiotic intervention, while remaining low in the placebo group[11]. Concomitant with the rise in 70 
Ct85-amplicon abundance, IBS symptom scores in the probiotic group are lowered[12]. The 71 
cultivation and characterization of a bacterium representing this 16S rRNA cluster and revealing its 72 
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interactions might thus provide invaluable information about the ecology of dysbiotic and non-73 
dysbiotic microbiota as well as knowledge aiding in IBS diagnostics and subject stratification.  74 
Our extensive, systematic efforts to isolate in pure culture a representative of the Ct85 bacterial 75 
cluster were however unsuccessful. To get insight into the diversity of bacteria belonging to this 76 
cluster, we, in this study, sequenced 21 partial, Ct85-cluster-representing 16S rRNA genes in our 77 
previously constructed clone libraries[7, 8] to near full length and aligned these sequences with 78 
the three completed Ct85-cluster 16S rRNA gene sequences we have previously deposited in 79 
public databases. Three groups of sequences with sequence identities of 97.2-100% in each, and 80 
one group with 95.3-99.9% internal sequence identity, could be distinguished in this sequence 81 
panel. PCR primers specific for these four groups, and primers specific for two 16S rRNA gene 82 
types represented by a single sequence in the panel were designed and checked for specificity 83 
against 16S rRNA gene sequences in public databases. These type-specific primers were then used 84 
to survey the presence and abundance of the different Ct85-cluster sequence types in various 85 
companion and production animal species. In addition, the fecal DNA samples of two study 86 
cohorts of IBS sufferers and healthy controls in two countries were typed with the new primers 87 
with intention to reveal anticipated correlations between the prevalence or abundance of a 88 
particular Ct85-cluster sequence type and the healthiness or IBS-type of the individuals. In 89 
summary, in this work we aimed at obtaining necessary basic information improving our 90 
understanding of this large group of uncultured bacteria and thus forming the basis for future 91 
efforts to isolate representatives of the Ct85-cluster in pure culture, a goal crucial to 92 
understanding the ecology and role of these bacteria in intestinal health and IBS. 93 
Materials and Methods 94 
Sequencing, sequence alignment, primer design and phylogenetic analysis 95 
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16S rRNA gene sequencing by the Sanger method was performed in the Institute of Biotechnology, 96 
University of Helsinki, and the near full-length sequences were published in the European 97 
Nucleotide Archive (ENA) under the accession numbers LR595726-LR595746 (study PRJEB31919). 98 
The 16S rRNA gene alignment and the percent identity matrix were constructed by Clustal Omega 99 
(https://www.ebi.ac.uk/Tools/msa/clustalo/).  Primers specific for the Ct85-cluster sequence types 100 
were designed based on the alignment, checked for physicochemical parameters using 101 
OligoAnalyzer (https://eu.idtdna.com/pages/tools), NetPrimer 102 
(http://www.premierbiosoft.com/netprimer/index.html) and Multiple Primer Analyzer 103 
(https://www.thermofisher.com/fi/en/home/brands/thermo-scientific/molecular-104 
biology/molecular-biology-learning-center/molecular-biology-resource-library/thermo-scientific-105 
web-tools/multiple-primer-analyzer.html) and tested for specificity in silico using the “Primer Pair 106 
Specificity Checking” function of PrimerBlast (database “nr”, organism “bacteria, taxid:2”, 107 
stringent primer specificity parameters, i.e. no mismatches allowed)  108 
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/). All the near full-length hits obtained this way 109 
were aligned by pairwise blastn with the correct target sequences (i.e. representative 16S rRNA 110 
gene sequences of each sequence type in our panel), and primer pairs producing hits with 96-111 
100% similarity with the correct target sequences were accepted. In case of primer pairs c and d, 112 
however, the primer pairs were accepted although occasional hits with 88-93% overall similarity, 113 
as determined by Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/) were obtained. All 114 
the primers in this work were manufactured by ImmunoDiagnostic Oy (Hämeenlinna, Finland). 115 
The phylogenetic tree was constructed in MEGA7 [13] using the Maximum Likelihood method 116 
based on the Tamura-Nei model [14]. Initial trees for the heuristic search were obtained 117 
automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances 118 
estimated using the Maximum Composite Likelihood (MCL) approach, and then selecting the 119 
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topology with superior log likelihood value. The tree with the highest log likelihood (-7801,16) is 120 
shown. Codon positions included were 1st, 2nd, 3rd and noncoding. All positions containing gaps 121 
and missing data were eliminated. 122 
Human subjects 123 
Fecal DNA samples of two IBS study cohorts were used in this work; one of the studies was 124 
performed in Finland[6] and another in the Netherlands (manuscript in preparation). Rome II or 125 
Rome III diagnostic criteria for IBS were used in the Finnish and Dutch study, respectively, for 126 
subject selection, and both studies compared the microbiotas of healthy individuals and symptom-127 
typed IBS sufferers at different time points. Time point zero samples of the latter study were used; 128 
in case of the former study, 3 month samples were occasionally used if zero samples were not 129 
available. The fecal samples of the Finnish study have also been investigated in several previous 130 
studies[7, 8, 12, 15-19]. The numbers of fecal samples in the different subject groups of both 131 
cohorts are shown in Table 1. 132 
In both the Finnish and Dutch cohort, the informed consent of the participants was obtained and 133 
the studies were performed in compliance with local laws and institutional guidelines and 134 
approved by local ethical committees, i.e. the Joint authority for the hospital district of Helsinki 135 
and Uusimaa and the ethical committee of VTT Technical Research Center of Finland (Finnish 136 
study), and Wageningen University & Research (Dutch study). 137 
Animals used for fecal sampling 138 
The details of the sows and piglets and their housing are described in [20]. The wild boars were 139 
reared on a single outdoor farm in southern Finland and they were grazing and rooting for their 140 
food; in addition, their diet was subsidized with different grains, seasonal fruit and vegetables. Pet 141 
dogs and part of the cats were privately owned and living in different environments (urban/rural);  142 
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part of the cats were housed in a rehoming center for lost animals. The laboratory rodents, an 143 
NMRI mouse and a Wistar rat, were housed in the Laboratory Animal Center of the University of 144 
Helsinki and fed common commercial rodent feed. The cows were all living on the Viikki Research 145 
Farm (Helsinki, Finland) in the same cowshed and eating the same commercial feed indoors and 146 
grass outdoors.  147 
No approval by an ethical committee was required for the animal studies, as only rectal or 148 
extruded fecal samples were used, requiring no invasive procedures. 149 
Fecal DNA isolation 150 
The fecal samples were kept at +4 °C and processed on the same day as collected, or immediately 151 
frozen at -20 °C after collection for later use. Bacterial DNA was isolated from all the samples by 152 
the repeated bead beating method as described by Salonen et al [21], with the exception of wild 153 
boar fecal samples, from which the DNA was isolated as described in [22]. The sow and piglet fecal 154 
DNA samples were from the work of Hasan et al[20]. 155 
Quantification of Ct85-cluster 16S rRNA genes  156 
The abundance of Ct85-cluster 16S rRNA genes in human or animal fecal DNA samples was 157 
determined by qPCR with primers described by Lyra et al[8] with the near full-length 16S rRNA 158 
gene AM275406.2, amplified from the library clone AP07K.11[7] with primers S-D-Bact-0043-a-S-159 
22 (5' CGCACATAAGACATGCAAGTCG 3', F) and S-D-Bact-1521-a-A-20 (5' 160 
CCTTCCGATACGGCTACCTT 3', R), as a standard. The reaction mixtures consisted of SYBR Select 161 
Master Mix (ThermoFisher Scientific), 400 nM of Ct85-specific primers[8] and 100 ng of fecal DNA 162 
as templates in a 20 μl reaction volume. A cycling mode with an annealing step at 57 °C for 15 s 163 
and extension at 72 °C for 1 min and 40 cycles was used, according to the Sybr Select Master Mix 164 
manufacturer’s instructions. qPCR reactions with universal primers[23] were performed similarly 165 
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but using 1 ng of fecal DNA as templates. All the qPCR reactions in this work were performed with 166 
the Stratagene MX3000P qPCR instrument (AH Diagnostics, Helsinki, Finland). 167 
Determination of the presence and relative abundance of Ct85-cluster sequence types in fecal 168 
samples 169 
To increase detection sensitivity when typing Ct85-cluster 16S rRNA gene sequences, all 16S rRNA 170 
genes were first amplified from fecal DNA with universal bacterial 16S rRNA gene primers (PCR I), 171 
after which the reaction mixtures were diluted and used as templates in end-point PCR reactions 172 
with sequence type-specific primers (PCR II). For determining the relative abundance of each type, 173 
the PCR I reaction mixtures positive for a particular primer pair were then used as templates in 174 
qPCR reactions with the same type-specific primers and with universal bacterial 16S rRNA qPCR 175 
gene primers (quantitative PCR II).  176 
PCR I 177 
16S rRNA genes were amplified using of 0.5 μM of universal bacterial 16S rRNA gene primers[24], 178 
50 ng of template, 0.25 U of Phusion High Fidelity Polymerase (ThermoFisher Scientific) and 200 179 
μM of each dNTP (ThermoFisher Scientific) in 1 x HF buffer in a 12.5 μl reaction volume with 180 
cycling conditions recommended by the enzyme manufacturer (Tann 52 °C).  181 
PCR II 182 
For type-specific end-point PCR reactions (PCR II), the amplification conditions for each primer pair 183 
(annealing temperatures and template-, primer- and DNA-polymerase concentrations) were first 184 
optimized using plasmids in previously constructed gene libraries[7], carrying 16S rRNA genes of 185 
the corresponding sequence types, as templates. 16S rRNA genes of all the other sequence types 186 
were used as negative controls. The primer sequences and optimized cycling conditions for end-187 
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point PCR II reactions are detailed in Table 2. In the optimized conditions, 0.5 μM of type-specific 188 
primers were used, and 0.025 ul of the PCR I reaction mixture (based on testing with different 189 
amounts of template), or 5 ng of plasmid template in positive controls, were used as templates 190 
with 0.25 U of Phusion High Fidelity Polymerase (ThermoFisher Scientific) and 200 μM of each 191 
dNTP (ThermoFisher Scientific) in 1 x HF buffer in a 12.5 μl reaction volume. 192 
Quantitative PCR II 193 
The conditions for type-specific qPCR reactions (qPCR II) were first optimized using near full-length 194 
16S rRNA genes of the different Ct85 types as templates; these genes were amplified from the 16S 195 
rRNA gene library plasmids[7] with primers S-D-Bact-0043-a-S-22 and S-D-Bact-1521-a-A-20 (see 196 
“Quantification of Ct85-cluster 16S rRNA genes” above for primer sequences). The templates were 197 
used as ten-fold dilution series from 102 to 107 copies/well, and different cycling programs, 198 
annealing temperatures and primer concentrations were tested for each template with SYBR 199 
Select Master Mix (ThermoFisher Scientifc) as the base for the amplification reactions, according 200 
to the manufacturer’s instructions. As negative controls, 16S rRNA gene amplicons from selected 201 
16S rRNA gene types (a-f) were used, i.e. those that in the corresponding end-point PCR with the 202 
same primers had at some point shown some unspecific products.   203 
The qPCR II reactions were then performed under the optimized conditions using the 16S rRNA 204 
gene amplicons described above as standards: a cycling mode with a combined annealing-205 
extension step at 60 °C for 1 min with 40 cycles was applied, and 400 nM of type-specific primers 206 
and 0.05 μl of unpurified 16S rRNA gene amplification (PCR I) products (volume based on prior 207 
testing) were used as templates in a 20 µl reaction volume.  208 
The total numbers of 16S rRNA genes in the PCR I reaction mixtures were determined by qPCR 209 
with the near full-length 16S rRNA gene from Lactobacillus amylovorus, amplified from its genomic 210 
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DNA with universal bacterial 16S rRNA gene primers[24], as a standard. In these reaction mixtures 211 
with SybrSelect Master Mix, 400 nM of universal bacterial 16S rRNA gene qPCR primers[23] were 212 
used, and 5 x 10-6 μl of the unpurified PCR I amplification products (based on prior testing) were 213 
used as templates in a 20 µl reaction volume. The cycling was performed with an annealing step at 214 
57 °C for 15 s, extension at 72 °C for 1 min and 40 cycles. In both the optimization stage- and final 215 
qPCR assays with any primers, three replicates of standards, samples and controls were used, and 216 
a “no template”-control was present in every qPCR run of this study. 217 
Survey of Ct85 sequence types in public sequence databases 218 
To investigate the ecological occupancy of the newly defined sequence types of the Ct85-cluster, 219 
we searched the publicly available datasets via the MetaMeta-database available at 220 
http://mmdb.aori.u-tokyo.ac.jp/index.html [25] using default settings. Particular sequence types 221 
were also searched in the IMNGS-database available at https://www.imngs.org/ [26]. In addition, 222 
we leveraged the recently created databases of 16S rRNA genes linked to recently reported 223 
metagenome assembled species-level genome bins (SGB) from the human gut [27]. All the 16S 224 
rRNA gene sequences of SGBs reported by [27] were merged to create a custom blast nucleotide 225 
database. A blastn (megablast) search was performed with the following parameters: task, 226 
megablast; e-value, 0.001 and max_target_seqs, 10[28]. PrimerBlast searches against public 227 
nucleotide databases were performed as described under “Sequencing, sequence alignment, 228 
primer design and phylogenetic analysis” above. 229 
Statistical analysis 230 
Human data were analyzed using IBM SPSS for Windows (IBM Corp; Version 25.0, Armonk, NY). 231 
The association between the four subject groups (healthy, IBS-D, IBS-C and IBS-M) and any of the 232 
six Ct85 sequence types (a to f) was studied using Fisher’s exact test. To adjust for multiple 233 
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comparisons (several sequence types separately with patient groups), the Benjamini-Hochberg 234 
method was applied using the FDR (false discovery rate) calculator 235 
(https://tools.carbocation.com/FDR). Statistical significance was considered when P ≤ 0.05. The 236 
association between the number of sequence types (0 to 6) was studied using independent 237 
samples Kruskal-Wallis test with FDR correction. The 95% confidence intervals for all percentages 238 
were calculated by Wilson’s method[29] using an internet-based epidemiological calculator 239 
(http://epitools.ausvet.com.au/content.php?page=CIProportion). 240 
Results 241 
Definition of Ct85 sequence types 242 
The pairwise similarities of the 24 Ct85-cluster 16S rRNA gene sequences cloned by Kassinen et 243 
al[7] and now sequenced to near full-length, together with the 16S rRNA sequences of their 244 
closest cultured relatives, are shown in Figure 1A. Only one of the 24 sequences (from clone 245 
AP10.R.212) originated from the library made of IBS-D sufferers’ fecal DNA, while most of the 246 
sequences were from the libraries made of healthy controls’ or IBS-M sufferers’ fecal DNA[7]. Two 247 
16S rRNA gene sequences from the healthy individuals’ clone library (clones AP07K.333 and 248 
AP07K.377) differed remarkably from all the other 16S rRNA gene sequences in the panel. Indeed, 249 
the fully sequenced 16S rRNA gene of the clone AP07K.333 was found by pairwise blastn to have 250 
95.1% identity to Roseburia faecis 16S rRNA gene (NR_042832.1, cover 90%), and the sequence of 251 
the clone AP07K.377 94.3% sequence identity to the 16S rRNA gene of Ruminococcus bromii 252 
(NR_025930.1, cover 87%). The corresponding identity values by Clustal Omega were 92.3% for 253 
both, indicating that bacteria carrying these 16S rRNA genes probably belong to the families 254 
Lachnospiraceae and Ruminococcaceae, respectively. These two diverging 16S rRNA gene 255 
sequences, resembling those of cultured bacteria, were excluded from further analysis. All the 256 
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sequences in the remaining set had only approximately 86% identity by pairwise blastn (and even 257 
less by Clustal Omega) to the 16S rRNA genes of closest known cultured species 258 
(Hungateiclostridium aldrichii, NR_026099.2, H. sellulolyticum, NR_025917.1, Pseudoclostridium 259 
thermosuccinogenes, NR_119284.1 or Ruminiclostridium hungatei, NR_117165.1). In this 260 
remaining set of 22 sequences, four groups of 2-7 sequences in each, with internal similarities of 261 
95.3-100% could be distinguished (framed in Figure 1A). PCR primers specific for these four 262 
groups, as well as for the single sequences from clones AP10R.212 (from the IBS-D library) and 263 
AP07S.345, were designed and used for typing the Ct85 16S rRNA gene sequences in human and 264 
animal fecal DNA samples. Figure 1B shows the phylogenetic relationships between the newly 265 
defined sequence groups, referred to as “Ct85 sequence types” below, and their closest cultured 266 
relatives. Based on the sequence similarities of our 16S rRNA gene sequences to each other and to 267 
those (of uncultured bacteria) available in public databases, the newly defined sequence types 268 
would tentatively correspond to species (type b), genera (types a, e and f) and families (types c 269 
and d). 270 
Ct85-cluster representatives and Ct85 sequence types in humans 271 
We first determined the abundance of all Ct85-cluster 16S rRNA gene sequences in the fecal 272 
samples of our two study cohorts by qPCR. Numbers of the fecal samples in the two cohorts are 273 
shown in Table 1. All the 50 Finnish samples and 97% of the 100 Dutch samples were positive 274 
when tested with Ct85-targeting primers. As a part of the 16S rRNA gene amplifications (PCR I 275 
reactions) of the Dutch samples failed, the final, typed Dutch sample set consisted of 44 samples 276 
from healthy controls and 25 samples from IBS sufferers (Table 1). In the sequence-typed samples, 277 
the two cohorts combined, the Ct85-amplicon was detectable at different levels ranging from the 278 
hardly detectable 3.6 x 103 copies / g of feces to 2.2 x 1010 copies / g of feces, corresponding to 279 
14 
 
proportions of 4 x 10-9 – 1 x 10-2 of total 16S rRNA genes, with no remarkable differences in 280 
abundances between the two cohorts (data not shown). 281 
The prevalences (%) of the six Ct85 sequence types (a-f) among healthy controls and among 282 
individuals of the different IBS symptom groups are shown in Figure 2. In the Finnish cohort 283 
(Figure 2A), sequence type c was significantly more prevalent in healthy individuals’ than in IBS-D 284 
sufferers’ samples (P = 0.039), and type b almost significantly more prevalent in individuals with 285 
IBS-M than in those with IBS-D (P = 0.052); these results are in accordance with our previous data 286 
showing differences in Ct85-amplicon abundances between these subject groups in the same 287 
Finnish sample material [8]. In addition, types d and f were in this study shown to be significantly 288 
more prevalent in the IBS-C group than in the IBS-D group samples (P = 0.039 and P = 0.024, 289 
respectively).  Furthermore, type e was lacking completely from the IBS-M group, but was rather 290 
prevalent (70%) in healthy individuals’ samples, making a significant difference between these 291 
groups (P = 0.024). In the Dutch cohort (Figure 2B), however, the difference in prevalence of type c 292 
between healthy individuals and IBS-D sufferers, or the differences in the prevalences of types d 293 
and f between IBS-C and IBS-D groups were not seen. Moreover, the difference in the prevalence 294 
of type b between the IBS-D and IBS-M groups could not be evaluated, as this type was not 295 
present in any Dutch IBS-D or IBS-M sample. However, the very rare occurrence of type e in IBS-M 296 
sufferers’ samples compared to those of healthy individuals, observed in the Finnish cohort, was 297 
evident also in the Dutch cohort, although the difference in the latter did not reach statistical 298 
difference. When combining the Finnish and Dutch datasets, a statistically significant difference (P 299 
= 0.006) in the occurrence of sequence type e was seen between these two subject groups, while 300 
combining the datasets did not reveal any further significant differences in sequence type 301 
occurrences between groups. 302 
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The relative abundances of the Ct85 sequence types a to e in IBS sufferers’ and healthy controls’ 303 
fecal DNA samples are shown in Figure 3. The low incidence of most sequence types in the IBS 304 
groups hampered comparisons between subject groups, and the differences in prevalences 305 
described above could not be recognized in abundances. Notably, however, sequence type d was 306 
very low in abundance in the only IBS-D sample in which it was present (Dutch cohort). It was 307 
generally of rather low prevalence in both cohorts, but especially rare or even absent in IBS-D 308 
sufferers’ samples. It was hardly detectable in the single Dutch IBS-D sample by qPCR (proportion 309 
2.9 x 10-10 of total 16S rRNA genes), while the relative abundance of this type in healthy controls’ 310 
samples in the same cohort was in the range of 9.7 x 10-10 – 4.4 x 10-5, and in the single IBS-C 311 
sufferers’ sample even reasonably high (3.8 x 10-3).  312 
We also found that the numbers of different Ct85 sequence types per individual were higher in 313 
healthy controls than in IBS-D sufferers (Supplementary Figure 1). This difference was statistically 314 
significant for the Finnish cohort (P = 0.03, Kruskall-Wallis-test), while in the Dutch cohort, this 315 
seemingly evident difference did not reach statistical significance (P = 0.51), probably due to the 316 
low number of IBS-D samples typed. As shown in Supplementary Figure 1, in the Finnish cohort, 317 
the number of Ct85 sequence types most commonly found among healthy controls was three or 318 
four (panel A2), while IBS-D sufferers did not have any or had only one or two recognizable types 319 
(panel A4). In the Dutch cohort the most common number of sequence types was three in healthy 320 
controls (panel B2) and one in IBS-D sufferers (panel B4). The trend of healthy controls having 321 
higher numbers of sequence types was clear for both cohorts also when comparing healthy 322 
controls to IBS sufferers as a group (panels A2 vs A3 and B2 vs B3). 323 
Representatives of the Ct85-cluster in companion and production animals 324 
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Screening of public databases revealed that 16S rRNA gene sequences closely related to those of 325 
the Ct85-cluster were not only detected in human intestinal samples, but also in samples from the 326 
pig intestinal tract. Hence, we determined the abundances of Ct85-cluster 16S rRNA genes in fecal 327 
samples collected from reared wild boars as well as from domestic pigs and their piglets. To get a 328 
glimpse if representatives of the Ct85-cluster can also be found in other domestic animals, we 329 
randomly selected feces from 19 dogs, 17 cats, and 12 cows and tested these samples for the 330 
presence of Ct85-cluster 16S rRNA genes by qPCR (Table 3). All the 25 sows tested had rather high 331 
numbers of Ct85-cluster 16S rRNA genes in their feces. Their seven piglets tested were also clearly 332 
positive for Ct85-cluster members, and Ct85-cluster 16S rRNA genes were detected also in the 333 
feces of all the tested reared wild boars, albeit at somewhat lower numbers. In dogs and cats the 334 
variation in the prevalence of Ct85-cluster 16S rRNA genes was higher. Twelve of the 19 dogs 335 
tested (63%) had detectable numbers of Ct85-cluster 16S rRNA genes in their feces, but the copy 336 
numbers were generally low, with only one dog having 5 x 107 16S rRNA gene copies /g  in its 337 
feces. In cats, 14 out of 17 (82%) had Ct85-cluster members in the feces, but the inter-individual 338 
variation in copy numbers was high (7.5 x 102 -7.5 x 107 /g). Ct85-cluster representatives were 339 
rather abundant also in the feces of all the 12 cows tested. 340 
Ct85 sequence types in companion and production animals 341 
Due to the failure of PCR I of some animal samples, we were able to determine the prevalence of 342 
Ct85 sequence types in the fecal samples of 14 sows, six of their piglets, two reared wild boars, 11 343 
dogs and 12 cats (Table 4). The two most common sequence types in the fecal samples of healthy 344 
humans, e and f (see Figure 2), were also among the most common types in the pool of animals 345 
fecal samples tested, as they were found in at least one sample of each animal species tested in 346 
this study. However, animal species differed remarkably in their sequence type compositions. The 347 
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Ct85 sequence type composition most similar to that of humans was found in adult swine. In 348 
swine fecal samples, all the same Ct85 types were detected as in humans, excluding type b, not 349 
present in any animal sample. As in healthy humans, sequence type f was the most common one 350 
in swine, and also type e was among the three most often detected ones in both species. The rest 351 
of the sequence types differed in prevalence between humans and swine, type a and d being more 352 
prevalent in adult swine than in humans. The common swine sequence type d was also detected in 353 
every one-week old, suckling piglet tested. The presence of Ct85 sequence types in the fecal 354 
samples of the six sow-piglet pairs tested is shown in Supplementary Table 1. The Ct85 sequence 355 
type composition of wild boars resembled that of swine.  356 
In contrast, dogs and cats had clearly different sequence type profiles and prevalences. In line with 357 
the generally low incidence and very low numbers of Ct85-cluster members in dog fecal samples, 358 
our type-specific primers detected Ct85-cluster members in the fecal samples of only two Ct85-359 
cluster positive dogs out of the 11 tested; these samples represented only the sequence types a, e 360 
and f. In the other dogs positive for Ct85-primers, either the numbers of Ct85-cluster 361 
representatives have been too low to be detected by the type-specific primers or these dogs have 362 
had Ct85-cluster types not detectable by them. The same sequence types as in dogs were also 363 
detected in the fecal samples of cats.  364 
The relative abundances of Ct85 sequence types a-e in the fecal samples of animals are shown as 365 
blue-rimmed dots in Figure 3. No striking differences were observed between healthy humans and 366 
swine in the abundances of the types a, c, d and e, shared by these two species. For example, type 367 
c, rarely detected in swine, was nonetheless of equal abundance as in humans, when present. 368 
Likewise, in both humans and swine, type e was usually of low abundance. Interestingly, sequence 369 
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type e was the only frequently detected one in cats and most cats had higher numbers of type e in 370 
their feces than did swine.  371 
Ct85 sequence types in public sequence databases 372 
To investigate the ecological occupancy of the newly defined sequence types of the Ct85-cluster, 373 
we utilized the MetaMetaDB-search [43], a tool to search a 16S rRNA gene database containing 374 
genes from 61 different habitats including 13 animals. The results of the MetaMetaDB-search are 375 
presented in Supplementary Figure 2. Based on this database, bacteria resembling Ct85 sequence 376 
types a, c and d (at the 97% minimum identity level) are common inhabitants of both the pig 377 
intestine and the human gut, but are not found in other animals or i.e. in the oral, lung, marine or 378 
soil environments, which supports our findings about the occurrence of these sequence types. In 379 
addition to human and pig gut, type d-like sequences in this search were found in bioreactor 380 
sludge/anaerobic digesters, bioreactors and freshwater, with no clear preference for the human 381 
gut over the other environments, which was also in line with our finding that type d sequences 382 
were rather uncommon in humans. A PrimerBlast search with type d primers further revealed 16S 383 
rRNA gene sequences closely resembling those of type d (98-100% identity) to be present in 384 
human, swine and orangutan stool as well as in an Egyptian lake sediment.  385 
Type e-like sequences at the 99% identity level, in turn, were commonly found in both human and 386 
pig intestine by using the IMNGS-search platform [44], which also utilizes very large 16S rRNA gene 387 
amplicon datasets, and type f-like sequences were found  to be present in human [30-36] and pig 388 
[37] fecal samples by blastn or PrimerBlast searches. The generally low relative abundance of type 389 
e sequences in animal fecal DNA, as observed in the current study, may explain why sequences of 390 
this type have not been detected in metagenomic studies represented by the MetaMetaDB-391 
search. Bacteria representing sequence type e, detected in every animal species tested in this 392 
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study and as the predominant sequence type in cats,  may also be present in preadolescent turkey 393 
ceca; these partial 16S rRNA gene sequences in GenBank (DQ456336.1, DQ456227.1) [38] show 394 
97-98% overall identity to our type e sequences by Clustal Omega. Finally, bacteria closely 395 
resembling sequence type b are, according to the MetaMetaDB-search, exclusively found in 396 
environments annotated as “human”, “gut” or “human gut”, but not in any of the 13 animal 397 
habitats, supporting our findings about the specificity of this sequence type for humans. 398 
Furthermore, the 16S rRNA gene sequence hits obtained by PrimerBlast with type b primers (with 399 
99% identity to our type b sequences) all originate from human stool, except one that is from the 400 
feces of an orangutan.  401 
Several recent publications have presented databases containing thousands of microbial whole 402 
genome sequences assembled from the reads of metagenomic sequencing studies [27, 39, 40]. A 403 
search against the 16S rRNA gene dataset linked to the comprehensive work of Pasolli et al [27] 404 
revealed that one of the Ct85 sequence types defined in the current work, c, has a close 405 
counterpart (99.9% 16S rRNA gene identity) within these genomic bins. The same 16S rRNA gene 406 
sequence has also previously been detected in the “metagenomic species” annotated as 407 
Clostridium_sp_CAG_245 in the human “MetaHit” project. Two other sequence types of the 408 
current study (a and d) have counterparts with 97% 16S rRNA gene identity, and one (f) has a 409 
counterpart with 95.5% identity in the same dataset [27], indicating that metagenomics-based 410 
genome sequences tentatively representing the same genera as those represented by types a, d 411 
and f are available. Close relatives of the other Ct85 sequence types were not found in this 16S 412 
rRNA gene dataset (the closest 16S rRNA gene similarities with the sequences in the dataset were 413 
91-92% for type b and 93-94% for type e sequences) (Supplementary Table 2). 414 
Discussion 415 
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Sequences of the intestinal 16S rRNA gene group called the “Ct85-cluster” have been encountered 416 
in numerous previous studies, as hundreds of 16S rRNA gene sequences hybridizing with Ct85-417 
primers[8] in silico and having high similarity to Ct85-cluster sequences can be found in public 418 
nucleotide databases. However, the great majority of the bacterial members of this 16S rRNA-419 
gene group, i.e. the representatives of the sequence types a-f defined in this work, have never 420 
been cultured. While large databases containing bacterial whole genome sequences assembled 421 
from metagenomic data have recently come available [27, 39, 40], we have now detected close 422 
counterparts for the 16S rRNA genes of some of the Ct85 sequence types in these species-level 423 
genomic bins.  All these genomic hits originate from human intestinal metagenomes and represent 424 
uncultivated bacteria by definition. They might, however, serve as starting points for the targeted 425 
design of isolation conditions for Ct85-cluster bacteria in the future. 426 
Our own previous, extensive and systematic efforts to isolate Ct85-cluster representatives in pure 427 
culture, using numerous growth and enrichment media and dozens of different antibiotics as 428 
selective factors under strictly anaerobic conditions, were unsuccessful (see Supplementary Text 429 
for further details). Therefore, since the typed members of the Ct85-cluster, as defined in this 430 
study, have so far only been detected based on their 16S rRNA genes, nothing is known about 431 
their lifestyle, growth requirements or interactions within the microbial ecosystem or with the 432 
host. Before this work also the sequence heterogeneity within this cluster, as well as the 433 
prevalence and abundance of the members of this group in different human and animal 434 
populations have been completely unexplored. In this work we thus sought to provide this basic 435 
information, crucial to improve our understanding of the ecology of this large group of mostly 436 
uncultured bacteria.  437 
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In the current study we have shown that the Ct85-group of 16S rRNA gene sequences is much 438 
more heterogeneous than previously presumed, which is apparently due to the inadequacy of the 439 
original Ct85-targeting primers [8]: the lowest pairwise similarity between Ct85-cluster 440 
representatives, after excluding the two sequences with similarities to Ruminococcus or Roseburia, 441 
is 89.9%  (82% in the original sequence panel) (Fig. 1).  82.0% has been considered as the 16S rRNA 442 
gene similarity threshold for bacteria belonging to the same order, and values 86.5%, 94.5% and 443 
98.7% as thresholds for bacteria belonging to the same family, genera or species, respectively [41]. 444 
The Ct85 sequence types defined by us would thus correspond to species (sequence type b), 445 
genera (sequence types a, e and f) or families (sequence types c and d), based on both the 16S 446 
rRNA gene sequences in our sequence panel and those, of uncultured bacteria, available in public 447 
databases (see Materials and Methods). All these taxa could, based on current knowledge, be 448 
placed in one order. Currently the cultured bacteria phylogenetically closest to the Ct85 sequence 449 
types defined in this work belong to the genera Hungateiclostridium, Pseudoclostridium or 450 
Ruminiclostridium. Their 16S rRNA gene similarities to the newly defined Ct85 types are, however, 451 
only 86%, as determined by blastn, and even less as determined by Clustal Omega (see Figure 1A).  452 
We have previously reported differences between the abundances of Ct85-cluster 16S rRNA gene 453 
sequences in healthy individuals and IBS-M sufferers compared to those with IBS-D in the same 454 
Finnish cohort[8] as used as a part of the current study. The differences in Ct85-cluster 16S rRNA 455 
gene abundances between subject groups in the Finnish cohort were however not seen in the 456 
Dutch cohort alone, due to large interindividual variation (data not shown). In the current work we 457 
demonstrated that not all Ct85 sequence types are differentially present in the subject groups of 458 
the Finnish IBS cohort. Moreover, we demonstrated remarkable variation between the two 459 
cohorts in the Ct85 sequence type compositions across subject groups: most of the significant 460 
differences seen between groups in the Finnish cohort were not present, or not evaluable, in the 461 
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Dutch cohort. The datasets were kept separate throughout the study because the samples had not 462 
been collected using the same regimen and different diagnostic criteria for IBS (Rome II vs Rome 463 
III) had been used. The only difference in prevalence observed consistently in both cohorts was 464 
the higher occurrence of sequence type e in healthy individuals compared to subjects suffering 465 
from IBS-M; this would have been statistically significant also if the datasets had been combined, 466 
while combining the datasets did not reveal other significant differences between subject groups 467 
(data not shown). Additionally, sequence type d appeared not to be typical of IBS-D sufferers, as it 468 
was either not detected at all in this group (Finnish cohort) or it was rarely present at a hardly 469 
detectable level (Dutch cohort). However, as also revealed by the wide confidence intervals of the 470 
observed prevalences (Figure 2), the low numbers of subjects in the IBS subject groups and the 471 
low incidence of many sequence types in these groups hampered drawing conclusions from the 472 
data; more similarities between the cohorts might have been observed with a larger number of 473 
samples. The number of typed samples in the Dutch cohort was further lowered by the failure of 474 
PCR I reactions of several samples. The reason for this failure is unknown; we presume that the 475 
DNA extraction method used, though proven to faithfully maintain the original microbial diversity 476 
[21], is however rather harsh owing to its mechanical cell disruption method, and may occasionally 477 
have caused too extensive DNA fragmentation. In addition to the small sample size, a further 478 
source of uncertainty in the current work arises from the fact that despite careful primer design 479 
and testing in silico and in vitro, we cannot completely rule out the possibility of some unspecific 480 
amplification in our complex fecal DNA samples. 481 
Our detection of more Ct85 sequence types in healthy subjects than in individuals with IBS, 482 
especially when comparing healthy controls to IBS-D sufferers, supports the generally accepted 483 
view that higher microbial diversity in the gut ecosystem provides resilience and contributes to 484 
better intestinal health[42, 43], at least in case of diarrheal diseases[44]. Fecal bacterial alpha-485 
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diversity in individuals with IBS has indeed been shown to be either lower or the same, but not 486 
higher than in healthy controls[45]. Interestingly, in the study of Turnbaugh et al[35], in which the 487 
gut microbiome of lean and obese twin pairs was investigated by metagenomic methods, 488 
numerous Ct85-cluster sequences representing sequence types e and f were detected, and  they 489 
were exclusively found in the fecal samples of lean rather than obese or overweight individuals. 490 
Similarly, Ferrer et al found a c-type Ct85 sequence (JX543478.1) only in the lean subject when 491 
investigating the microbiotas of a single lean and obese individual by metagenomic methods [46]. 492 
These data support the view of at least some sequence types of Ct85 as bacteria indicative of 493 
general intestinal and metabolic health. 494 
Before this work, the presence of representatives of the Ct85-cluster had not been systematically 495 
studied in animals. Our small sample material did not allow for extensive conclusions, but some 496 
trends could be recognized. In addition to humans, Ct85-cluster members seemed to be common 497 
in pigs, which are omnivores having a similar gastrointestinal system as humans, and are therefore 498 
frequently used to model human digestive tract function[47]. Even the Ct85 sequence type profile 499 
of pigs resembled that of humans in our study, as the same types (excluding type b not found in 500 
any animal) were present in both species at approximately same relative abundances, and the 501 
most common sequence type, f, was the same in both humans and adult swine. In our sample 502 
material of humans and animals, sequence type b appeared as human specific. A survey of public 503 
databases revealed the presence of this sequence type additionally in apes, suggesting specificity 504 
of this putative species-level sequence type for primates. Sequence type d, in turn, was in our 505 
study rather uncommon in humans while very frequently found in swine and reared wild boars in 506 
high numbers, but not in any other animals we tested. These findings were supported by public 507 
database searches, which revealed sequences closely resembling type d in pig, human and ape 508 
stool, but also commonly in other environmental, mostly anaerobic habitats, suggesting that the 509 
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human gut is not the primary habitat for this sequence type. Furthermore, sequence type d was 510 
present in each suckling 1 week old piglet and in each sow-piglet pair tested, suggesting maternal 511 
transmission of this type in pigs. The same was true for sequence type f, as suckling 1 week old 512 
piglets mostly carried this type of Ct85 in their guts like their mothers, while the other sequence 513 
types detected in swine, a, c and e, did not so clearly seem to be maternally transmitted. We 514 
detected the two common sequence types, e and f, in high numbers also in single fecal samples of 515 
two laboratory animals, rat and mouse, in which they represented the only Ct85 sequence types 516 
detectable (data not shown).  517 
In this work, we presented a method to type the 16S rRNA genes of the Ct85-cluster by PCR. Then 518 
we mapped the distribution of these Ct85 sequence types in human and animal populations, and 519 
the distribution of the Ct85-cluster sequences in animals, and showed that while Ct85-cluster 520 
sequences are present in several species, the composition and abundance of Ct85 sequence types 521 
differ remarkably between animal species. These kind of data are crucial to improve our 522 
understanding of the ecology of uncultured bacteria like Ct85-cluster members, and they also 523 
serve as a basis for further, directed culturing efforts based on e.g. single cell isolation and 524 
genomic sequencing, followed by tailoring isolation media based on genomic data now available 525 
for some sequence types (see above) [48-50]. The Ct85-cluster is an especially interesting group of 526 
uncultured bacteria due to its ubiquity and anticipated role in human intestinal health.  Further 527 
studies with larger numbers of samples, comparing the presence of Ct85 sequence types across 528 
human or animal populations or between IBS sufferers and healthy individuals, are however 529 
warranted to facilitate future efforts to isolate representatives of especially those Ct85 sequence 530 
types that are diagnostic for healthiness or for a particular IBS-type. Culturing and genomic 531 
sequencing, followed by knowledge of the ecology and interactions of Ct85 sequence types, may 532 
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then promote our understanding of the microbial component of IBS etiology and help in subject 533 
stratification, diagnosis and cure.  534 
Conclusions  535 
In this study, the large and almost completely uncultured intestinal bacterial group called the 536 
Ct85-cluster, previously identified as non-IBS-D –associated and supposed to form a coherent 537 
phylogenetic group, was now demonstrated to comprise a heterogeneous group of bacteria. Six 538 
sequence types of Ct85 distinguishable by PCR were identified, each representing a novel, 539 
uncultivated genus-, species- or family-level taxon based on 16S rRNA gene similarities. Ct85-540 
cluster members were found to be present in multiple companion and production animal species, 541 
but the sequence type prevalences and abundances were drastically different across species. The 542 
sequence type composition of adult swine closely resembled that of humans. One of the newly 543 
identified types, tentatively corresponding to a species, was in this study only detected in humans 544 
(b), while one of the family-level types shared between humans and swine (d) was not detected in 545 
any other animal tested. By using two cohorts of IBS sufferers and healthy controls from two 546 
countries, we demonstrated that one of the tentative genus-level sequence types (e) was more 547 
prevalent in healthy subjects than in those with IBS-M, but no other differences observed in one 548 
cohort could be reiterated in the other, emphasizing geographic and individual variation in IBS 549 
etiology and the need for larger study cohorts. Typing of microbial groups, such as the Ct85-550 
cluster, so far almost only detectable by their 16S rRNA genes, is a necessary initial step to 551 
improve our understanding of the ecology of uncultured taxons. Future efforts, aiming at pure 552 
culturing of Ct85-cluster representatives and revealing their interactions with their hosts are 553 
strongly warranted, and studies focused on Ct85 sequence types differentially present in healthy 554 
subjects and different IBS types will be of special interest.  555 
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Table 1. Numbers of the human fecal samples analyzed   567 
Cohort Subject group Number of fecal samples  
Initial Ct85 positive Typed 
Finnish 
[6, 7] 
Healthy 23 23 23 
IBS-D 12 12 12 
IBS-M 6 6 6 
IBS-C 9 9 9 
Total 50 50 50 
Dutch 
(manuscript in 
preparation) 
Healthy 51 48 44 
IBS-D 13 13 5 
IBS-M 14 14 8 
IBS-C 21 21 11 
IBS-type not known 1 1 1 
Total 100 97 69 
 568 
Table 2. Primer sequences specific for the Ct85 sequence types and optimized conditions for end-569 
point PCR II. 570 
Ct85 
sequence 
type 
Primer sequences Annealing 
temperature 
(°C) 
Extension 
time (s) 
Amplicon 
size 
(bp) 
a  F: 5' GCTTTAGACAGGGAAGAACAAAG 3' 
R: 5' GGGATTTCACAACTAACTTGCATTA 3' 
68  3 155 
b  F: 5' GTGATTAGTTACTAACAAGTTAAGTTGAGG 3' 
R: 5' TGCATCACTGCTTTGCCT 3' 
67 3 158 
c  F: 5' GATGAATAACTAAGAGATTAGTTAGTC 3' 
R: 5' TAACCTGTTGGCAACTAATC 3' 
58 2 137 
d  F: 5' AGGTGTAGGGAACGATATGTTT 3' 
R: 5' ACAAGTCTCGAAAGACTACCTAATT 3' 
62 4 214 
e  F: 5' GCAACACAGTGATGTGAAG 3' 
R: 5' CTCTTGAAAAGTTGGCTCAC 3' 
65 3 200 
f  F: 5' ATATTTCTTGAGTRCAGGAG 3' 
R: 5' CTATATAATCTCTTATATATTCATCTAT 3' 
61 6 380 
 571 
Table 3. Prevalences and abundances of Ct85-cluster 16S rRNA genes in animal fecal samples. The 572 
prevalences are expressed as the percentage of animals with Ct85-cluster 16S rRNA genes 573 
detected in the fecal sample. CI, confidence interval. 574 
  575 
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Animal 
(n) 
Prevalence 
% (95% CI) 
Abundance of Ct85-cluster 16S rRNA genes 
Copies / g feces Proportion of total 16S rRNA gene copies 
 
Range Median Median of 
positive 
values 
Range Median Median of 
positive 
values 
Sow (25) 100 
(87-100) 
1.0 x 108 - 
9.2 x 109 
1.3 x 109 1.3 x 109 4.8 x 10-4- 
2.3 x 10-2 
3.7 x 10-3 3.7 x 10-3 
Piglet (7) 100 
(65-100) 
8.7 x 106 - 
2.1 x 109 
9.1 x 108 9.1 x 108 7.7 x 10-6  
4.3 x 10-4 
1.4 x 10-4 1.4 x 10-4 
Wild boar 
(9) 
100 
(70-100) 
4.6 x 106  - 
5.5 x 107 
1.8 x 107 1.8 x 107 3.8 x 10-5- 
4.1 x 10-4 
6.2 x 10-5 6.2 x 10-5 
Dog (19) 63 
(41-81) 
1.3 x 103 - 
5.1 x 107 
4.3 x 103 6.3 x 104 2.2 x 10-8- 
1.0 x 10-3 
2.1 x 10-7 8.6 x 10-7 
Cat (17) 82 
(59-94) 
7.5 x 102 -
7.5 x 107 
3.7 x 104 7.0 x 104 2.3 x 10-9- 
3.2 x 10-4 
6 x 10-8 7.5 x 10-8 
Cow (12) 100 
(76-100) 
8.8 x 107 - 
1.4 x 109 
7.9 x 108 7.9 x 108 1.5 x 10-4- 
2.5 x 10-3 
1.3 x 10-3 1.3 x 10-3 
 576 
Table 4. Prevalences of Ct85 sequence types in animal fecal samples determined by end-point 577 
PCR, expressed as the percentage of animals with the particular sequence type in the fecal sample. 578 
†, samples end-point PCR -positive, but the copy numbers in some weakly positive samples (one 579 
sow, three piglet samples) remained below the qPCR detection limit. CI, confidence interval. 580 
Animal (n) Prevalence of Ct85 sequence type, % (95% CI) 
a b c D e f 
Sow (14) 86 (60-96) 0 (0-22) 36 (16-61) 71 (45-88)   86 (60-96)† 100 (78-100) 
Piglet (6) 33 (10-70) 0 (0-39)   17 (3-56)† 100 (61-100)   67 (30-90)† 67 (30-90) 
Wild boar (2) 100 (34-100) 0 (0-66) 0 (0-66) 100 (34-100) 100 (34-100) 50 (9-91) 
Dog (11) 9 (2-38) 0 (0-26) 0 (0-26) 0 (0-26) 18 (5-48) 9 (2-38) 
Cat (12) 8 (1-35) 0 (0-24) 0 (0-24) 0 (0-24) 67 (39-86) 25 (9-53) 
 581 
  582 
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Figure Legends 583 
Figure 1. (A) Pairwise similarities of the near full length Ct85-cluster 16S rRNA gene sequences, 584 
originating from [7] and used in this study for defining Ct85 sequence types, and of their closest 585 
cultured relatives, determined by Clustal Omega. The sequence codes refer to the clone names 586 
under ENA accession numbers LR595726-595746; for abbreviations of the cultured species, see 587 
Fig. 1B. The sequences belonging to each type and the corresponding similarity values are framed. 588 
The Ct85 sequence type designations (a-f) are shown on the left. (B) A maximum likelihood 589 
phylogenetic tree based on the cloned, near full-length 16S rRNA gene sequences of the Ct85-590 
cluster, compared in panel A, and the 16S rRNA gene sequences of their closest cultured relatives. 591 
The tree was constructed by MEGA7; of the initial trees created automatically, the one with the 592 
highest log likelihood is shown. Scale bar indicates the number of nucleotide substitutions per site. 593 
Figure 2. Prevalences of Ct85 sequence types a to f in healthy individuals and in different IBS 594 
symptom groups of the Finnish (A) and Dutch (B) study cohort, expressed as the percentage of 595 
individuals in the group with the particular sequence type in the fecal sample. Whiskers represent 596 
95% confidence intervals. Sample numbers in each group (n) are in parentheses. Statistically 597 
significant differences between groups are indicated by lines; *, P ≤ 0.05. The false discovery rate-598 
corrected P-values for the Fisher’s exact tests assessing the association between the Ct85 599 
sequence type and the subject groups are as follows: Finnish cohort: 0.919, 0.052, 0.039, 0.039, 600 
0.024 and 0.024 for sequence types a, b, c, d, e and f, respectively; Dutch cohort: 0.840, 0.840, 601 
0.840, 0.840, 0.618 and 0.840 for sequence types a, b, c, d, e and f, respectively. 602 
Figure 3. Relative abundances of the Ct85 sequence types a to e, determined by qPCR with type-603 
specific and universal primers and expressed as proportions of the 16S rRNA genes representing 604 
different sequence types of total, in the fecal samples of the subjects of the Finnish (black circles) 605 
and Dutch (white circles) IBS study cohorts, and in the fecal samples of animals (blue-rimmed 606 
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circles). Each circle represents the relative abundance of the sequence type in the fecal sample of 607 
a single human or animal. Letters in the panels correspond to the naming of the sequence types (a 608 
to e; setting up a qPCR assay for sequence type f failed). The prevalences of the sequence types in 609 
the animal groups are shown in parentheses. 610 
Supplementary Information 611 
Supplementary Table 1 (docx). Presence of Ct85 sequence types (a to f) in the fecal samples of six 612 
sow/piglet pairs determined by end-point PCR.  613 
Supplementary Table 2 (xlsx). Top blastn hits for the cloned Ct85-cluster 16S rRNA gene 614 
sequences in the SGB dataset of Pasolli et al [27]. 615 
Supplementary Figure 1 (pptx). Numbers of Ct85 sequence types in the fecal samples of healthy 616 
individuals and IBS sufferers in the Finnish (left, A) and Dutch (right, B) study cohorts. In panels A1 617 
and B1, medians, 25 to 75 percentiles, minimum and maximum values and an outlier are shown as 618 
horizontal black lines, boxes, whiskers and a point, respectively. In panels A2-A6 and B2-B6, the 619 
numbers of sequence types are expressed as the numbers (bars) or proportions (lines) of 620 
individuals with a particular number of Ct85 sequence types in the fecal sample. A2 and B2, 621 
healthy subjects; A3 and B3, IBS sufferers; A4 and B4, IBS-D sufferers; A5 and B5 IBS-M sufferers, 622 
and A6 and B6, IBS-C sufferers. 623 
Supplementary Figure 2 (pptx). Results of the MetaMetaDB search [25] performed for the 16S 624 
rRNA gene sequences representing Ct85 sequence types a-f. The sequence type designations are 625 
shown in parentheses. The y-axis shows the Microbial Habitability Indices (MHI) of the 626 
environments listed below the graphs and marked by different colors. The columns show the 627 
summary of the MHIs calculated by those BLAST hits that are above the identity threshold shown 628 
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below the column. The environments, the MHIs of which are less than 1% in each column, are 629 
summed up and labeled as "other."  630 
Supplementary Text (docx). A description of the cultivation efforts of Ct85-cluster 631 
representatives.  632 
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Highlights 
• Known: Ct85-amplicon abundancies differ between subject groups in IBS studies 
• Specific primers designed for six sequence types in the Ct85 16S rRNA gene cluster 
• Sequence types in the Ct85-cluster tentatively represent species, genera, families 
• Ct85-cluster sequence types found in the guts of humans, pets, production animals 
• Sequence type composition of Ct85 differs across human and animal populations 
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